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Foreword

Contents

This document brings together and
updates the contents of application proto-
cols (AP) developed by the Initial Graph-
ics Exchange Specification (IGES)
Organization and approved as American
National Standards (ANS) by the IGES
Product Data Exchange using STEP
(PDES) Organization (1PO). The combin-
ing of material from three APs provided a
mechanism wherein information supplied
redundantly within the separate documents
can be included once. Examples include
the AP definitions and the common object models found in the Application Implementation Models (AIM,
Section 3). All of the material has been updated to be compatible with, and referenced to, IGES Version 6.0.

“1GES Volume 2 - With approval of the AVM,
RRC, and Chairman’s Committees, it was recom-
mended that the IPO initiate a Volume 2 of the
IGES Specification for technically complete and
approved APs. Both volumes will be updated with
the document control procedures currently in
place’ (Plenary report to the IGES/'STEP Meeting
on July 27, 1990 by Bill Conroy, IPO Chairman).

The Drafting AP has been included through the gathering of its elements from other documents. One of the
important elements of the Drafting AP, the drafting object models, had been approved as a supporting collec-
tion of objects within the Layered Electrical Products (LEP) AP. Internet-related entities have been intro-
duced in IGES 6.0. A “Figure Viewer” application (see Section 2.1.5) for technical illustrations which would
benefit Web-serving of vector graphic IGES files has been specifically defined to utilize these entities. For
example, raster images can be displayed in an |GES presentation, and displayed geometry can be linked to a
URL.

The 3D Piping AP content in this document is technically unchanged from the prior version (1.3), however
minor edits have been introduced, together with a conversion to the AIM syntax formerly defined in the
LEP's AIM.

The LEP AP content in this document is amended from the prior version (ANS US Pro/IPO-111-1997) to
include the Bus Width entity introduced in IGES 6.0, together with numerous editorial corrections.

Contributors
Among the contributors (listed in IGES Volume 1) are members of the Drafting, Electrical Applications, and

the NIDDESC/Piping committees, together with assistance from the Implementors Committee, who are
especialy recognized for their direct contributions to the material in thisVolume.
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Application Protocols - General

1 General

Industry requires comprehensive and reliable data exchange mechanisms to effectively integrate CAD
(computer-aided design) technology. IGES is designed to support a broad range of applications and
information, and it is recognized that few implementations will support all of the specification. Additionally,
different CAD systems and uses of these systems for different product domains requires a uniform use of
IGES entities to obtain consistently high levels of transfer fidelity. An application protocol defines alogical
schema of specific product domain objects and the IGES entities to be used to represent those objects.

This document retains only essential portions of the source material. The objective of this document is to
support the implementors of trandators and the users of IGES trandators for specific application constructs.
In support of the redefined objective for this document, the “Application Reference Moddl” (ARM) and its
mapping to the AIM are effectively combined into the object models found in Section 3 of this document.
Within this document, the AIM has been renamed “Application Implementation Model.” The “Application
Activity Model” (AAM) and the “Abstract Test Suite” found in the source material have not been included.
Readers interested in the ARM, AAM, and Abstract Test Suites information are directed to the prior version
of the separate APs.

1.1 Maintenance of the APs

The APs in this document shall be modified as part of the process of the incorporation of al Edit Change
Orders (ECO) which are approved as applicable to aversion of IGES. Each of the ECOs shall be evaluated
to determine the impact, if any, on the APs herein. The revising of this document shall occur each time a
revision to IGES Volume 1 occurs.

1.2 Prior AP Versions

Each of the source APs has followed a different devel opment and approval cycle as indicated below.

1.2.1 DraftingAP.

Drafting Application Protocol, draft version 0.7, 14 July 1992, G. Morea, editor, General Dynamics Electric
Boat Division, provided the AP description, the drawing and technical illustration taxonomy, and definitions.
This version had included an AIM developed by Dr. Philip Kennicott, Sandia in the EXPRESS language
which was used as resource material for the Drawing object models published in the LEPAP.

Drafting subsets were initially developed and published as “Guide to IGES Entities for Technical
[llustrations,” M. Durnin and J. Wellington, 28 April 1989, and subsequently published as NISTIR 4379.
This material is published in MIL-D-28000 “Representation for Communication of Product Data; IGES
Application Subsets and Application Protocols’ as Class 1 Technica Illustration Subset, and Class 2
Engineering Drawing Subset (revised as MIL-PRF-28000A, 10 February 1992, and MIL-PRF-28000B, 30
September 1999).

A Figure Viewer application is specified in Section 2.1.5 of this document. The Figure Viewer concept—a
free-to-distribute limited-capability IGES viewer—was approved in 1995 by the IGES Implementors
Committee and the IGES Project. The application was posted from 1996 through 1998 for review and
comment as a Web document. This application includes the Class 1 entities as published in MIL-PRF-
28000B together with extensions and application guidelines.

1.2.2 3D Piping AP.

Version 1.0, September 1990, Mark E. Palmer and Kent A. Reed editors, NIST, was published as NISTIR
4420. This document established a precedence for application protocols in both the IGES and STEP
standards efforts. This version references IGES 5.0.
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Version 1.1, March 1992, Mark E. Palmer and Kent A. Reed editors, NIST, was published as NISTIR 4797.
ThisVersion references IGES 5.1.

Version 1.2, September 1993, Burton F. Gischner editor, General Dynamics Electric Boat Division, was
approved as an ANSI standard and published asANS US PRO/IPO-110-1994. This version references IGES
5.2

Version 1.3, 14 February 1997, Robert W. Schuler editor, M. Rosenblatt & Son, Inc. This version references
IGES5.3.

1.2.3 Electrical ProductsAP.

Version 2.3 of Guide to the IGES Electrical Entities, 14 May 1990, Larry O’ Connell editor, Sandia, subtitled
“Pre-cursor to an Application Protocol,” provided reference models for later documents. This version
references IGES 4.0.

Version 1.0 of Hybrid Microcircuit Application Protocol, January 1993, Curtis H. Parks et a, was published
as NIST TN 1295, provided the baseline for the follow-on LEP AP, and in particular documented the AIM
syntax for IGES object structure diagrams developed by International TechneGroup, Inc., Milford, Ohio.
This version references IGES 5.1.

Version 1, Layered Electrical Products Application Protocol, February 1997, Curtis H. Parks editor, NIST,
was approved asANS US PRO/IPO-111-1997. This version references IGES 5.3.

1.3 Fundamental Concepts

The successful use of IGES for CAD information exchanges requires organizations to have comprehensive
technical information management plans and documented procedures for creating, delivering, and
maintaining technical information in digital form. This documentation must include the modeling
conventions by which product information is created and the protocol for precisely transferring that
information viathe IGES format.

A protocol is a set of conventions or rules that govern the operation of functional units to achieve
communication. |GES application protocols provide aformal procedure for specifying neutral, IGES-based,
application specific formats. This procedure involves identifying the information requirements of an
application area and documenting them in a collection of application-specific object models. Each object
model is then used to select the IGES constructs for representing the required information.

The concept of application protocols incorporates many of the lessons learned from the use of IGES. The
application protocols can be said to allow the exchange of information, while the use of IGES alone allows
only the exchange of data.

An IGES AP defines the information content of a specific application area, specifies the mapping of the
application information into IGES constructs, and describes the restrictions and conventions required in
implementing these constructs.

The exchange of information using an IGES AP requires that the participating organizations agree to the
objects to be exchanged and that they employ corresponding information configuration control procedures.
This provides the framework for the reliable use of a specific IGESAP.

1.3.1 Development and Use of Application Information Models. The first phase of developing an AP
is to define the context, scope, and functional requirements of the application(s). With these specified, the
information requirements of the domain can be described by the use of an information model.

This information model documents the information objects and constraints of the subject application. This
information model also provides the baseline from which the IGES Application Implementation Model
(AIM) is developed. The AIM shows how the information is to be expressed by a subset of IGES entities.



Application Protocols - General

Often, the representation of an information structure will require the use of multiple IGES entities.

The IGES entities selected for use in the AP have been selected to provide functional equivalence to the
information objects and to minimize the size of AP files. The options for the use of the entities must be
restricted so that only one method is available for carrying each element of information. The set of IGES
entities and the necessary restrictions on the Global, Directory Entry, and Parameter Data Section field
values are developed by using the object models and IGES.

The remainder of this document is organized as follows:

The subsections of Sections 2 contain the descriptive information and definitions for the Drafting, 3D
Piping, and Layered Electrical Product (LEP), respectively.

Section 3 contains the model syntax and the common AIM for the APs. Subsection 3.1 contains the Drafting
objects. Subsection 3.2 contains the 3D Piping objects. Subsection 3.3 contains the LEP objects.

Example IGES files from the source APs may be downloaded from the “Examples and Figures’ page at
http://www.nist.gov/iges.

1.4 Order of Precedence

Some of the material in this Volume may repeat information in IGES Volume 1. In the event of conflict, the
information given in Volume 1 shall take precedence.
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2.1 Drafting AP

2 Application Protocols

This section contains the description of three application protocols; Drafting, 3D Piping, and Layered
Electrical Products.

2.1 Drafting Application Protocol

This protocol defines two of the most important classes of engineering drawing transfer. The first is the
transfer of a drawing composed of views of a three dimensional model, i.e., a true model/view/draw
drawing. The model is transferred along with the drawing. The second is the transfer of a flat two-
dimensional drawing, where there is no explicit model. In this case, both geometry, and annotation are part
of the drawing sheet. An additional two classes are also defined, for the completeness of the document, one
for geometry only and one for generative drawings.

Engineering domains, such as 3D Piping and Electrical, specify and utilize various IGES entities in their
product models. Each of the domains may include the product model in a drawing structure as a
documentation or drawing file. This AP does not restrict model-defining entities used in these drawings.
There are, however, two subsets defined for specific drawing usages. These are the Class 1- Technical
[lustration Subset (Section 2.1.5), and the Class 2 - Engineering Drawing Subset (Section 2.1.6).

2.1.1 Taxonomy of Drawings Functionality. With the electronic production and exchange of drawings,
there are severa parameters that govern the functionality level at which the drawing is produced on a CAD
system; there are several more that govern how the drawing is placed in the exchange file. Each parameter
may be thought of as a switch that can be set in a number of different positions. Following this analogy
further, each combination of switch positions represents a different option for drawing production and
exchange. This protocol provides the overal taxonomy for drawing production and exchange. A set of
parameter values is then defined that governs exchanges compliant with the protocol.

The following are the parameters that organize drawing production and exchange:

Table 1. Drawing Parameters

Category Parameters

1. Model Representation Single
Repetitive

2. Drawing Organization Model Only (none)

3. Shape Geometry 2D Wireframe
3D Wireframe
Surface
BREP

CSG

Sketch

4, Administrative Data Sketched
Named
Parseable
Generative
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Table1l. Drawing Parameters

Category Parameters

5.* Annotation and Symbology Repre- | Sketched
sentation Named
Parsable
Generative

6.* | Annotation and Symbology Asso- Visua Only
ciativity Representational
Feature

7. Model Data Organization Group
Definition/Instance
Partition
Connectivity

8. Presentation Single
Multiple
Multiple-Segmented

* (5 and 6 have subcategories Symbols, Notes, Dimensions)

2.1.1.1 Taxonomy Definitions.

1. Mode Representation: How the shaped definition of the product relatesto the way it is shown in various
views on the drawing.

Single: There is only one model, and views show different orientations of the model. The same
entity represents the same feature in multiple views.

Repetitive: Multiple views of the product are not different orientations of the same model.
Thus, different entities represent the same feature in multiple views.

2. Drawing Organization: How the shape definition and annotation of the product are combined on the
drawing sheet.

Model Only: Thereis no annotation present with the model. This is a representation of
just the shape definition of a product, i.e., only its geometry and structure.

Draw-Model: Both annotation and shape definition are present on the drawing; this means
that amodel accompanies the drawing.

Draw Only:  Annotation only is present on the drawing. This means that no shape
definition is represented. Because of this, model views will not appear in conformant
Draw Only files.

3. Shape Geometry: How the shape definition of the product is represented. Transformation rules define
how this geometry is ultimately shown on the drawing. Unless noted, the drawing is “to scale” Various
combination of switches are permissible (i.e., 3D wireframe and 3D surfaces may be used together).

2D Wire Frame: All of the shape definition is composed of wire frame entities which lie
in the same plane. This class also includes schematic or symbolic representations of a
product.

3D Wire Frame: All of the shape definition is composed of wire frame entities which
define edge boundaries of a product.
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Surface:  The shape definition is composed of 3D surface entities which define face
boundaries of a product.

BREP: The shape definition is composed of boundary representation entities which define
solid boundaries of aproduct (see IGES Volume 1 Section 3.4).

CSG: The shape definition is composed of constructive solid geometry entities which
define solid boundaries of a product (see IGES Volume 1 Section 3.3).

Sketch: The shape definition is represented by wireframe entities which convey its genera
configuration without regard to true scale or size. Such representation either can be 2D or
3D. It mayserve for illustration purposes.

4. Administrative Data: The category of annotation allowing for the successful tracking, storage, catalog-
ing and exchanging of drawings. Such information may or may not be viewable on the drawing hard-
copy.

Sketched: The information is present in the exchange file, but only as basic entities.
Therefore, the information has no intelligence whatsoever.

Named: Theinformation is present in the exchange file, with more advanced construction
entities. The information can be processed by type, but individua intelligence is ill
missing.

Parsable: The information is present in the exchange file with both advanced construction

entities and individual attribute intelligence. This makes it possible to selectively process
such information.

Generative: The information necessary to produce the desired information is present in
the exchange file, but it is not explicitly defined. Therefore, the desired information must
be obtained by processing other data contained in the file or in associated files.

5. Annotation and Symbology Representation: There are several ways of mapping annotation from a
native system to an exchange file. These are at different levels of intelligence. How the information
residesin the exchange file determines the level of intelligence that can be passed to areceiving system.
The sub type definitions are the same as for Administrative Data.

6. Annotation and Symbology Associativity: Associativity between annotation and amodel is possible on
several levels. The degree of association may be deduced from both the exchange file and the drawing
hardcopies in various combinations.

Visual Only: Thereis no connection between the annotation and the model, other than
that which can be deduced from the drawing hardcopy.

Representational: There is a connection between an annotation entity and a model entity
in the exchange file. The model entity represents a portion of the geometry, but not an
identifiable feature of the product.

Feature: There is a connection between a piece of annotation and an identifiable feature
of the product. The feature will be identified in the conformant exchange file.

Subcategories for (5) and (6)

Symbol: A collection of graphic and text entities conveying a specific meaning
when placed on a drawing hardcopy.

Note: This subcategory includes text strings which are displayed on adrawing
hardcopy.

Dimension:  Annotation that provides measurement or directed information
about the product depicted on the drawing. The dimension shall be visible on the
drawing hardcopy.
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7. DataOrganization: Several methods may be used in the exchange file to organize data for a variety of
reasons, including presentation and drawing production.

Group: Entities are given an attribute identifying them as belonging to a particular set.
The set may or may not be named.

Definition/Instance: Entities collected in a subfigure definition which is instanced in one
or more places by transformation.

Connectivity: A means of providing connections between model entities by more than
just visual inspection.

8. Presentation: The ahility of the same entity, displayed in different views, to take on different appear-
ances in several views.

Single: The entity appears the same way in each view in which it is displayed.

Multiple: The entity may take on a different appearancein each of theviewsin whichitis
displayed. The appearance is constant over the entity's length in each view.

Multiple- Segmented: Not only can the entity take on a different appearance in each of the
viewsinwhichit isdisplayed, but the appearance may change over the length of the entity
in each displayed view.

2.1.1.2 Parameter Definition. The parameter-controlled concept of this protocol has the potential of
alowing numerous combinations of settings; however, all permutations of settings are not likely to be useful.
Three combinations appear to be useful in meeting identified common business needs:;

A. Mode Only - This exchange mode includes only the IGES geometry entities which
define the shape of the product; there are no IGES annotation entities, nor is
annotation represented by IGES geometry entities. In the strict interpretation, this
exchange does not represent a “drawing” and therefore does not belong in this
protocol; however, this mode might be used in combination with one of the other
modes to avoid the need for the recipient to edit the graphics part, so in that way, it
is“drawing related” and itsinclusion isjustifiable.

B. Explicit - This exchange mode is intended for systems with two-dimensional
databases. It depicts atraditional drawing, and it includes both IGES geometry and
annotation entities. It iscalled “explicit” because the IGES geometry entities do not
define a single model; instead, they define multiple representations of portions of
the model, one for each view. If the model lends itself to the process (i.e, is
essentially two-dimensional), there is an optional compatibility for distinguishing
one of the multiple copies of the model as authoritative. This means that that copy
of the model is the authoritative one in case similar features in copies of the model
differ. This practice avoids problems of redundant and possibly conflicting
information in thefile.

C. Model/View/Draw - This exchange mode also depicts a traditional drawing, and
likewise it includes both IGES geometry and annotation entities. It is called
“model/view/draw” because the IGES geometry entities depict a single geometric
model of the product; the IGES view and drawing entities are then used to show this
model in various orientations to create a drawing. IGES annotation entities are
located either in views or on the drawing. This mode typically is used by 3D
wireframe or surface modelers.

D. Generative- This mode is noted here for the completeness of the document. This
exchange mode enables the receiving system to generate a traditional drawing, and
it includes | GES geometry and properties which describe the product sufficiently to
enable generation of appropriate annotation. It is called “generative’ because the
annotation entities which comprise a drawing must be generated by the receiving
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system based on implementor-defined properties (the IGES Specification does not
define enough properties to do this currently).

2.1.2 Parameter settings.
Settings for “model only” exchange

Table 2. Parameter Settingsfor Model

1 Model Representation Single

2. Drawing Organization Model Only (none)
3. Shape Geometry 2D or 3D Wireframe
4, Administrative Data none

5a. | A & SRep. Symbols none

Bb. | A & SRep. Notes none

5¢c. | A & SRep. DataTables none

5d. | A & SRep. Dimensions none

6a | A & SAssoc. Symbols none

6b. | A & SAssoc. Notes none

6c. | A & SAssoc. DataTables none

6d. | A & SAssoc. Dimensions none

7. Model Data Organization Group

8. Presentation Single

Settings for “explicit” exchange

Table 3. Parameter Settingsfor Explicit

1 Model Representation Repetitive

2. Drawing Organization Draw - Model*

3. Shape Geometry 2D - 3D Wireframe**
4. Administrative Data Sketched, Named

5a. | A & SRep. Symbols Sketched, Named

5b. | A & SRep. Notes Sketched, Named

5¢c. | A & SRep. DataTables Sketched, Named

5d. | A & SRep. Dimensions none

6a. | A & SAssoc. Symbols none

6b. | A & SAssoc. Notes none
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Table 3. Parameter Settingsfor Explicit

6c. | A & SAssoc. DataTables none
6d. | A & SAssoc. Dimensions none
7. Model Data Organization Group
8. Presentation Single

*1n an explicit exchange, one drawing and one view are present to provide locating space for the
geometry entities that make up the models.

**Entities may not necessarily be planar, but any 3D entities are used for convenience, not to depict
a complete product model (e.g., an isometric view of aV6 engine might have 6 arcstilted at
some angle rather than 6 ellipses for the cylinders). This often happens on drafting-oriented
CAD systems which have assist features to create isometric views.

Settings for “model/view/draw” exchange

Table 4. Parameter Settingsfor Model/View/Draw

1 Model Representation Single

2. Drawing Organization Draw - Modéel

3. Shape Geometry 3D Wireframe, Sketch
4. Administrative Data Named

5a. | A & SRep. Symbols Named

5b. | A & SRep. Notes Named

5c. | A & SRep. DataTables Sketched

5d. | A & SRep. Dimensions Named

6a. | A & SAssoc. Symbols none

6b. | A & SAssoc. Notes none

6c. | A & SAssoc. DataTables none

6d. | A & SAssoc. Dimensions none

7. Model Data Organization Group, Definition/Instance
8. Presentation Multiple

Settings for “generative” exchange

Table5. Parameter Settingsfor Generative

1 Model Representation Single

10
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Table5. Parameter Settingsfor Generative

2. Drawing Organization Draw - Model

3. Shape Geometry 2D - 3D Wireframe, Surface,
BREP, CSG

4. Administrative Data Parsable

5a. | A & SRep. Symbols Generative

5b. | A & SRep. Notes Parsable

5c. | A & SRep. DataTables Parsable

5d. | A & SRep. Dimensions Generative

6a. | A & SAssoc. Symbols Feature

6b. | A & SAssoc. Notes Feature

6c. | A & SAssoc. DataTables Feature

6d. | A & SAssoc. Dimensions Feature

7. Model Data Organization Group, Definition/Instance

8. Presentation Multiple-Segmented

2.1.3 DrawingsInformation Requirements. Drawingsisagenera purpose title which encompasses a
wide variety of drafting applications. It includes, for example, drawings used extensively in the
manufacturing and defense sectors, drawings prepared by the AEC (architecture, engineering, and
construction) and building services sectors, and survey and utilities drawings used by government and land
authorities.

A drawing is defined as the set of one or more drawing sheets that describe a product. In common
engineering terms, a drawing may comprise several drawing sheets. For instance, a drawing of an
automobile part assembly may be the set of drawing sheets that describe the individual components that
make up the assembly. In AEC project building terms, a drawing may comprise the set of drawing sheets
that are the plans and elevations of a building, or a single sheet may be specific to a particular discipline,
such as plumbing.

This application protocol establishes parameter definitions and settings which support drawings which
reference accompanying wire frame product geometry, either 2D or 3D (refer to Section 1.1.2). The product
geometry shall include the entire wire frame model, even if portions are not visible in any of the views
defined by the sender. Within the context of this AP, the purpose of the product geometry shall be to enable
the receiver to generate new views of the model. Accordingly, no provisions will be made for items
represented by solids or surfaces, unless awire frame derivation isfirst performed on the sending system.

For scale drawings, the precision of the model shall be equa to, or more precise than, the dimensiona
precision shown on the accompanying drawings. Administrative requirements to enable the successful
transfer of drawings are contained in thisAP.

Annotation is not required to be associative, and it may be related either to the model or to the drawing. If
related to the drawing, it shall be recognizable as a part of the drawing sheet’s contents. Empty drawings are
prohibited. Mixed units between the drawing and model are also prohibited. Multiple explicit drawing
sheets shall be allowed in a single file. Each drawing sheet and its component views, data tables, and
annotation shall be recognizable as a unit.

11
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This AP accommodates the two drawing types which are the most common of the current hard copy
drawings used in industry. Thefirst drawing typeisascaled drawing where graphic entities are proportional
to the real object’s physical attributes. The second drawing type is a not-to-scale (NTS) drawing where
graphic entities are not depicted proportional to the real object’s physica attributes. The identification of
scaled or not-to-scale drawings shall be specified in user-established conventions.

Key Concepts The concepts presented here underly the creation of a drawing on a CAD system. They are
presented here for information only.

Model/View/Draw (MVD)

The goal of adrawing isto convey information about a physical product. Traditionally, developing adrawing
meant placing representations, such as scaled views, pictoria renderings (unscaled sketches and diagrams),
or conceptual models (schematics) onto paper.

The development of CAD systems allowed engineers and designers for the first time to develop an ideafrom
concept directly into an electronic model, from which a drawing could be made. As an electronic entity, the
CAD mode can take several forms (e.g., wire-frame, surface or solid) and can be either 2D or 3D.

Once the model is developed on the CAD system, it may be manipulated to show various sides, dimensions
and details through the use of views. Depending on the user’s needs, views may display different scales and
orientations, and may show all or part of the model. True model-view-draw entities are not individually
duplicated in different views; rather, the same MVD model entity is merely displayed differently in each
view. Therefore, a change made in one view will manifest itself in al the other views of the same entity.

Multiple views and annotations necessary to define the product are collected on a 2D electronic drawing
sheet to produce adrawing. The product geometry, or shape definition, is contained in the views of the entity,
while annotation is usually contained in the drawing.

Coordinate System

Coordinate systems enable one to define the position of geometry within the model, (definition space),
define the orientation of the model to a particular view (view space) and to define the placement of views and
annotation on adrawing (draw space).

Among the many types of coordinate systems used are rectangular Cartesian, polar, and spherical. Cartesian
is the only system supported by this protocol. All coordinate systems are comprised of units, and axes. The
point where two or more axes come together is called an origin. A transformation matrix rotates a coordinate
system with respect to global space. Some coordinate systems such as drawing space, are two-dimensional,
in which one dimension is assumed to be zero within a 3D system.

Geometric Model

When a product is modeled in the CAD system, a collection of geometric entities is assembled. These are
called geometric elements.

Geometric elements can be either 2D or 3D. 2D elements usually serve the functional needs of schematic or
pictoria representation. These elements also determine what form the model takes: wireframe, surface, solid

12
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or sketch form. A sketch is anot-to-scale pictorial representation.

Although most text is contained in the drawing as annotation, some text can be contained in the views as
geometry. Thisisaspecia case, however, and it is discussed later (Section 2.1.3.4.2).

Drawings and Drawing Sheets

A drawing is a collection of views with annotation which describes a product, and may be made up of a set
of one or more sheets. It is identified by a Name and a Revision, and its structure is governed by the
properties of Standard and Type.

There are two types of standards which govern the drawing: Global Standards, such as ANSI Y-14; and
organization-specific standards which are dictated by the individual company producing a drawing. The
drawing type is specified by the organization producing the drawing. These types would include such
examples as arrangement, diagram or selected record drawings. The specific guidelines for a drawing type
are specified by the user-group and would suit their particular needs for adrawing. A drawing’s dimensional
relationship with the model that it represents is governed by the property of precision.

A drawing is a collection of model views and annotation on one or more drawing sheets, which are further
identified by a sheet number and a revision. Each drawing sheet has properties of size and units. Drawing
unitsrefer to the physical size of the drawing sheet element but are not related to the size of the model which
is represented.

Views

Drawing production requires different orientations of the model to be represented on the drawing sheet.
These orientations are represented by views. The process used to show only a portion of the model is known
asclipping. A collection of viewsis placed on the drawing sheet(s) and annotation is added to compl ete the
drawing.

Text

Text is placed on the electronic drawing and in the exchange file in a series of strings, not individual
characters. The capability to edit, or change, the string is desirable.

2.1.4 Application Requirements. These requirements define specific constructions and constraints that
will be placed, or excluded from, the exchange file. The requirements are broken down by taxonomy
categories. Note that the requirements may be different for each of the four defined exchange classes.
Where thisisthe case, it is specifically noted. These requirements are further defined in the reference model,
and the actual IGES entities used are introduced in the AIM (Section 3). Each of the sectionsis divided into
content requirements and restrictions.

2.1.4.1 Model Representation.
Content Requirements

e Model geometry shall be composed of wireframe entities, identified as such in the exchangefile.
For amodel only exchange, there will be asingle model, either 2D or 3D.

«  For an explicit exchange, the model will be repetitive. If necessary, a combination of 2D and 3D
entities may be used.

e For amodel/view/draw exchange, there shall be athree-dimensional single model.
Redtrictions

e Annotation entities shall not be used for product geometry.
2.1.42 Drawing Organization.

Content Requirements

13
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For amodel only exchange, one drawing and one view shall be provided to enable visualization of
the model.

For explicit exchange, one or more drawings shall be provided. One drawing per file. Oneview or
at least one piece of annotation shall be placed on each drawing.

For amodel/view/draw exchange, one or more drawings shall be provided. At least one view on
one of the drawings shall be provided.

View scaling and clipping extends shall be provided for views.
One drawing shall equal one IGESfile.

Restrictions

2143

View scale shall be greater than zero.
View orientations shall be in Cartesian coordinates.
Empty drawings shall not be present in the exchange file.

Empty views, i.e., views that show no model entities, shall not be present in the exchange file.
Blanked views are permissible.

Perspective views are not supported.

Unlimited size drawings shall not be present in the exchangefile.

Drawings shall specify their size and units. The origin shall be at the lower left hand corner.
Views shall be uniquely identified, named and instanced.

The clipping volume shall be in model space coordinates such that when it is transferred to view
coordinates, its sides are parallel to X=0, Y=0, Z=0 planes, and cross sections parallel to XY -
plane have finite area

Shape Geometry.

Content Requirements

For model only exchange, the shape geometry shall be either 2D wireframe or 3D wireframe.
For explicit exchange, the shape geometry shall be either 2D wireframe or 3D wireframe.
For model/view/draw exchange, the shape geometry shall be 3D wireframe.

For 2D wireframe, allowed geometry shall consist of points, lines and curves, al lying in the same
plane of a Cartesian Coordinate Space.

For 3D wireframe, allowed geometry shall consist of points, lines and curvesin a Cartesian Coordi-
nate Space.

Restrictions

2144

All curves shall have non-zero length, and they shall be continuous.

The “best entity” shall be used to describe geometry. For example, one shall use a circular arc not
an ellipse to represent acircle.

Administrative Data.

Content Requirements

Sufficient information shall be present in the exchange file to identify:
the product

the file generation site
the responsible organization
the date of thefile

Restrictions

14
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e Thedatashal be placed in text strings. None of the required data shall be present on the drawing
as stroked information.

*  Thedatashal belabeled as annotation.
2.1.45 Annotation and Symbology Representation.

Content Requirements

»  For explicit exchange, annotation shall be sketched or named. Thus areceiving system shall be
capable of reading named annotation.

e For model/view/draw exchange, annotation shall be named.

«  For named annotation, the following types of annotation shall be supported: dimensions, notes,
symbols and crosshatching.

Restrictions

e Annotation shall be planar.

*  With the exception of crosshatching, geometry and annotation shall not be combined to form anno-
tation entities.

e For named annotation, the appropriate CAD entities shall be used.
2.1.4.6 Annoctation and Symbology Associativity.

Content Reguirements
e Annotation is not required to be associative for thisinitial release of the protocol.
Resdtrictions

«  Associativity relations may be present in the exchange file provided that the annotation can be cor-
rectly processed without them.

2.1.4.7 Model Data Organization.

Content Requirements
e Theahility to form groups shall be supported.
*  Theability to form subfigure instances/definitions shall be supported.

e Theahility to support connectivity is not required by this protocol. Note that specific applications
outside this protocol’s scope may requireit.

e Layer usage conventions are agreed to by sending/receiving organizations.
Restrictions

e Subfigure definitions containing both annotation and geometry shall not be used.

» Recursive groups of subfigures shall not be used. They must be directed acyclic graphs.

e Groups or subfigures shall not be empty. For establishing a placeholder, a point may be used.
e Groups shall not be present in subfigure definitions.

¢ Non-uniform scaling shall not be used in subfigures.

2.1.4.8 Presentation.

Content Requirements

e For explicit or model/view/draw exchange, entity appearance may be controlled at any level.

*  Thefollowing characteristics of curve appearance shall be supported: color, line font, line width
and blanking.

e Thefollowing characteristics of text appearance shall be supported: color, font, size, slant angle,
rotation and mirroring.

«  For model/view/draw exchange, different appearance in different views shall be supported.
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Restrictions
*  For model only exchange, entity appearance shall be controlled at the entity level.

2.1.5 FigureViewer Application. The figure viewer application IGES entities support the exchange of
figures and illustrations normally found in atechnical publication and in figures or illustrations delivered to
viewers over the Internet. In this application, the emphasisis on the visual clarity of figures and illustrations
designed for human interpretation.

2.1.5.1 Fileconstruction. Files produced specifically for the figure viewer application shall be IGES
ASCII form as specified in IGES Volume 1, and optionally may be compressed as specified by the Internet
Engineering Task Force (IETF).

2.15.1.1 Start section.  Thefollowing information shall be placed in the start section of thefile:

a. Statement of conformance to this application, the applicable revision level of this specification, and
the release date of the latest amendment to this specification (or date of the latest revision if no
amendment has been issued).

b. Illustration number or identifier.

2.1.5.1.2 Global section. Fields in the global section shall be restricted to certain ranges. Defaulted
values shall be interpreted as “unspecified” except as noted in table 6 for global parameters 1, 2, 12, 15, and
24,

Table 6. Global Section Field Ranges

Field Value Required Defaults/Notes

Defaultto “)”

Defaultto “;”

Default to field 3

13 1.0

14 1,24-11

Default to 1

16-17

18 The year shall be specifed asYYYY

19

20

21

22

23 11 or greater

24 0-7 Default to zero

2|l Z2|<|Z2|Z2|Z2| XK | X | X|Z2|X|XK|Z2|Z2|<|Z2|Z2

25

If dateis provided, the year shall beYYYY
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Table6. Global Section Field Ranges

Field Vaue Required Defaults/Notes

26 Y 25HFIGURE VIEWER APPLICATION

2.1.5.1.3 Directory Entry (DE) section.  See notes for table 7 for restrictions placed on the parameters
in the DE section.

2.1.5.1.4 Parameter Data (PD) section.  See notes for table 7 for restrictions placed on the parameters
in the PD section.

2.1.5.2 Information requirements and data functionality. Two dimensional (2D) geometry and
annotation entity form the mgjority of data items athough some non-geometric information is required as
well. Information requirements for this application shall include (but are not limited to):

a.  Two dimensiona geometry in the form of lines, circular arcs, conic arcs, and spline curves.
Non-geometric attributes of line weight and line font.

Annotation entity.

Data relationships, including the concept of subfigures.

00T

2.1.5.3 Dataaccuracy requirements.  All data transformations shall maintain an accuracy of at least
0.001 units on all parametric and coordinate values and all measurable dimensions. The generating system
shall document the accuracy of thefilein global section field 19.

2.1.5.4 Mapping of information content to | GES subset entities.  Illustration geometry shal be
mapped into two dimensional IGES geometry entities and annotation entities. The composite curve,
subfigure definition, and subfigure instance entities shall be used to organize the illustration information to
preserve any required data relationships. Line weight and line style information shall be represented by the
appropriate global and DE parameters. Several entity structuresin this subset have been included to keep the
file size to acceptable levels. For instance, the use of subfigures greatly reduces file size where illustration
details are repeated. Similarly, the general note entity is a compact method of representing annotation entity
as compared with the stroking of each character using line and arc geometry. However, there are instances
where a system lacks the sophistication of subfigure entity constructs or it is desired to stroke the text for a
special appearance not otherwise attainable. Lines, splines, linear curves, arcs, and conic arcs shall not have
azero arc length (zero length curves).

2.1.5.5 User conventionsand data organization. A minimum complexity drawing/view entity
combination, along with its drawing size property, shall be used to assure an illustration will be created on
all recelving systems. The drawing shall be constructed in the positive quadrant. The origin point shall be
located at the lower left corner of the illustration.

2.1.5.6 IGESentity subset specification.  Table 7 lists the entities of this subset.

Table 7. FigureViewer Entitiesand Usage Rules

Entity Form Entity Name DE Notes PD Notes

0 Null

100 Circular Arc 3 17
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Table7. FigureViewer Entitiesand Usage Rules

Entity Form Entity Name DE Notes PD Notes
102 Composite Curve 1 4
104 1 Conic Arc 3 17,20
106 11 2D Linear Path 1 15
106 63 Simple Closed Planar Curve 1 21
110 0 Line 1 2
112 Parametric Spline Curve 1 2,5
124 0 Transformation Matrix 6 7
126 Rational B-spline Curve 1 8
132* Connect Point 20
212 General Note 10 11,18
230 Sectioned Area 1 17
232** Multimedia
308 Subfigure Definition 6 4
320* Network Subfigure Definition
404 0 Drawing 9 19
406 15 Name Property 16
406 16 Drawing Size Property
406 17 Drawing Units Property
406 18 Intercharacter Spacing Property 12
406** 38 URL Anchor Property
408 Subfigure Instance 3 2
410 View 6 13
412 Rectangular Array Subfigure Instance 3 2,14
414 Circular Array Subfigure Instance 3 2,14
420* Network Subfigure Instance 3 2

When the form column in table 7 is blank for an entity which has multiple form numbers, al forms
of that entity are included in the subset.

* Systems which do not support connectivity shall handle these entities as follows:

Connect Point Entity (Type 132) those entities which are pointed to by the PD #4 and which are
within this subset shall be displayed.

Network Subfigure Definition Entity (Type 320) shall be converted to the Subfigure Definition
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Entity (Type 308) for display or presentation uses.

Network Subfigure Instance Entity (Type 420) shall be converted to the Subfigure Instance Entity
(Type 408) for display or presentation uses.

** For IGES Version 6 files, shall be supported by Internet-capable systems and viewers.

Notesfor table 7:

1

N o g &

10.

11

12.

13.

14.

15.
16.

DE field 4, line font pattern, shall be 1, 2, 3,4, or 5
DE field 5, level, shall be 0.
DE field 6, view pointer, shall be 0.
DE field 7, transformation matrix pointer, shall be 0.
DE field 8, label display pointer, shall be 0.

PD values for Z coordinates shall be 0.0.

DE field 4, line font pattern, shall be 1, 2, 3, 4, or 5.
DE field 5, level, shall be 0.
DE field 6, view pointer, shall be 0.
DE field 8, label display pointer, shall be 0.

PD values shall point only to other entity types within this subset.
PD #3, NDIM, shall be 2 (planar).
DE field 7, transformation matrix, shall be 0.

Trandation and rotation are restricted to XY plane. PD #R13, #R23, #R31, #R32 and #T3 shall be 0.0,
and #R33 shall be 1.0 or -1.0.

PD #3, PROPL, shall be 1 (planar), ZK shall be 0.0, XNORM and Y NORM shall be 0.0, ZNORM shall be
1.0 or -1.0. Rarional B-Splines are to be considered functionally and mathematically equivalent to
NURBS (Non-Uniform Rational B-Spline) curves.

PD #1,number of view pointers, shall be 1.
PD #5,number of annotation entities, shall be 0.
PD #6,number of associativity pointers, shall be 0.
PD #7,number of property pointers, shall be 1, 2 or 3.
PD #8-#10,a DE pointer to a property (406, form 16) is required, a DE pointer to a property (406, form
15) isoptional, a DE pointer to a property (406, form 17) isoptional.

DE field 5, level, shall be 0.

DE field 6, view pointer, shall be 0.

DE field 7, transformation matrix pointer, shall be 0.
DE field 8, label display pointer, shall be 0.

PD #5, font code, shall be 1, 1001, 1002, 1003 or 3001, the Latin-1 character set. If a pointer to a
property entity (406, form 18) is used to control intercharacter spacing, then any IGES font value may
be used.

DE field 5, level, shall be 0.

PD #2, scale, shall be 1.0.
PD #3-#8 shall be 0.

PD values shall not point to entity type 412, entity type 414, or an entity 308 which points to a 412 or
414, and shall only point to other entity types within this subset.

N (the number of points, PD #2) shall be 3 or more.

The name property entity shall take precedence over a name in DE field 18, entity label, for any entity
which has a name property.
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17. PD value for Z coordinates shall be 0.0.
18. PD value ZSp shall be 0.0, where n=1...N.

19. Drawing origin shall be the lower left-hand corner, no negative coordinates are allowed once all
appropriate offsets and rotations are applied.

20. conic coefficient B (PD #2) shall be zero (0.0). An associated matrix shall be used to rotate/trandlate the
conic to its position in space.

21. PD #2, number of n-tuples, shall be greater than 2.

22. The geometry pointed to in PD “PTR” shall be displayed, or if defaulted, a plus-symbol displayed and
centered on coordinates given.

2.1.5.7 FigureViewer Application File Processing. The Figure Viewer shall display the graphica
content of IGES files conforming to this specification such that the visual appearance depicts the functional
intent and is equivalent to requirements specified in IGES Volume 1

Each of the limits and restrictions specified herein constrain the more general specifications found in IGES.
The Figure Viewer is required to process the data as restricted by this specification, and may optionally
process any data defined by IGES.

The processing of IGES entities shall not produce an exception list, and shall not cause a hault to processing
and the display of displayable entitiesin the file. The required and optional entities and forms are specifiedin
IGES. The functional intent for each entity and its formsis specified in Table 7.

Initial File Processing

Theinput file shall be checked for charactersin the file name extension or the beginning of thefile indicating
uu-encoding or compression may have been applied to the file. If the file is not clear-text IGES, provisions
shall be included to pass the file to an appropriate utility. If an appropriate utility cannot be located, a
message shall be presented asking the user to select a handling option.

The file shall be checked for the existance of any of the three characters in character location 73 of the first
line of thefile as permitted by IGES. If characters other than “S” or “B” or “C” isfound, a message shall be

presented asking the user to select a handling option. The Figure Viewer may optionally check the beginning
of the file for an empty line or other faulty condition and correct the input as appropriate.

IGES includes specification for three file formats. The character in character location 73 of thefirst line shall
be checked for the character “ S’ indicating the fileisASCII, and thefirst line is part of the Start Section (see
below).

If the character in location 73 of the first line is “B” the user shall be alerted that the file is IGES Binary
format and asked to select a handling option. No further processing of IGES Binary filesis required.

If the character in location 73 of thefirst lineis“C” the Figure Viewer may optionally include processing for
the IGES-specified compressed form. (Note that the IGES Compressed form is also clear-text ASCII.
Further, the IGES Compressed file may have also been compressed or encoded as indicated in the first
paragraph of this section.)

The contents of the file shall be processed as follows.
Start Section

No specia requirements are added by this Specification. (See IGES Volume 1 for requirements for this file
section). Optionally, the Figure viewer may display (in a separate window) the first 72 character locations of
each file line containing the character “S’ in line location 73.

Global section

Fieldsin the global section shall be processed for value ranges as specified in Table 6.
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Directory Entry and Parameter Data sections

The entities listed in Table 7 shall be processed and displayed. Entities which are not listed in Table 7 shall
be ignored.

Terminate section
Any file content following the IGES Terminate section, if any, shall be ignored.

21



2.1 Drafting AP

Blank Page
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2.2 3D Piping AP

2.2 Three-Dimensional (3D) Piping Application Protocol

Introduction This AP is for exchanging 3D arrangement data of piping system models which includes
definition data types of geometry (shape and location), connectivity, and material characteristics. The scope
of this AP includes only piping system data and not drawings, internal details of equipment, or interference
check results. The AP does support the information required for performing interference analysis and
simple one dimensional flow network analysis. The specified piping model is sufficiently detailed to support
the fabrication and final assembly of a piping system.

Background The representations discussed in this document were initially developed under the U.S. Navy's
SEAWOLF program for exchanging data from the detail design phase to pipe fabrication and assembly.
This material has been reviewed and enhanced by NIDDESC and representatives of the process plant
industry to develop a specification which meets the requirements of a broad user community of 3D piping
applications. The provisions in this version of the AP which alow for the exchange of simple one
dimensional flow network analysis are the result of work completed under the U.S. Navy’'s CAD?2 initiative.

Although the AP alows for the use of reference files for the definition of piping parts, this version of the AP
does not provide full catalog functionality. A paralel project has been initiated to develop the catalog
functionality. When this catalog work is complete, it will be submitted to the Architecture, Engineering,
and Construction (AEC) Committee of the IGES/PDES Organization as a proposed extension for thisAP.

2.2.1 Application Information Requirements.

Piping Application Piping systems are used to convey and process fluids and gases in a variety of
industries, including: chemical and petrochemical processing, power generation, ship and aircraft
construction, and food processing. Generally, a piping system is comprised of a network of pipe, pipe
fittings, and processing equipment such as pressure vessels and pumps. Large piping systems are generaly
attached to some supporting structure through the use of piping supports and hangers. Insulation, heat
tracing, and vibration or sound damping assemblies are often attached to piping systems.

Many software packages are now available to assist the design and manipulation of 3D models of piping
systems. The model contains information about each element of the system as well as that of the system as
awhole. It may also contain information about groups of elements within a piping system. The 3D model
generally serves as a source of input for numerous activities related to the design, fabrication, and assembly
of piping systems.

Scope The scope of this application protocol is the exchange of 3D piping models. For this application
protocol, a 3D piping model consists only of piping system data. Specifically excluded are other types of
systems that are similarly modeled, i.e., structural steel and concrete, HVAC (heating, ventilating and air-
conditioning), and electrical cable tray and conduit systems. The specified piping model is sufficiently
detailed to support the fabrication and final assembly of a piping system.

ThisAP is defined with a core of required data which supports a corresponding set of required piping-related
activities. These activities are shown on Figure 1 and are defined in detail in the following section. The AP
provides the structure for the addition of sender/receiver defined attributes that could support additional
activities such as design, analysis, manufacturing, or logistics.

The sender/receiver would extend the functionality of the core data by passing additional attributes attached
to some piping entities. In the description of the parameter data for IGES entities in Section 4.2, the
parameter for the number of attributes has been set as“N,” and ellipses added after the last required attribute
to indicate which entities may include additional sender/receiver defined attributes. These attributes shall be
from the Process Plant Attribute List (Alt=4).
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Figure 1: Scope of the 3D Piping |GES Application Protocol
The AP provides the structure for the addition of sender/receiver defined attributes that could
support additional activities such as design, analysis, manufacturing, or logistics.

Physical objects that are represented in 3D piping models, and that are defined to reside within the core
region of this protocol, are:
1) Pipe - Piping, tubing, or hose, either variable or fixed length.
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Note:lt is recognized that the pipe path of tubing and hose is not static. However, within this AP, the pipe
path of tubing and hose is defined at a nominal static location.

2) Piping Components
A) Commodities -Standard fittings purchasabl e off the shelf (e.g., elbows, reducers, tees, valves).

B) Specialties -Specialized fittings used for process control (e.g., control valves, relief valves, gauges) or
other specia functions (e.g., filters, expansion joints, steam traps.)

3) Fasteners -Bolts, gaskets, welds, clamps, etc. that may be needed to join piping components or pipe to
other piping components, pipes, or piping equipment nozzles.

4) Piping Supports -ltems used to anchor or restrain piping systems.

Note: The scope of this application protocol does not extend to the full detailing of piping support systems.
Excluded in particular are full details of structural steel members that may comprise piping support
assemblies.

5) Pipe Damping -Items attached to piping systems to protect them from damage due to vibration or shock.

6) Piping Equipment-Pressure vessels, rotating equipment, furnaces, etc. to which piping systems are
normally connected via nozzles.

Note: The scope of this application protocol does not extend to the full detailing of equipment items from
either a process function or mechanical design point of view.

This AP also supports the grouping of physical objects into structures such as pipe runs, pipelines, piping
assemblies, and piping systems. A pipe run is a single path through a portion of a piping system having
common attribute values and having one start and one end point. A pipelineis a portion of a piping system
composed of one or more pipe runs. A piping assembly is a collection of piping parts and/or other piping
assemblies for the purpose of construction (e.g., shop spool pieces and packaged systems). A piping system
is a collection of one or many pipe runs, zero, one, or many pipelines, and zero, one, or many pieces of
piping equipment that performs a specific function.

2.2.2 Application Core Requirements. This AP (or an application supporting this AP) shall include
descriptions of all pipes, components, equipment, piping supports, and pipe damping with sufficient detail to
support the following applications on areceiving system:

1. Interference analysis (e.g., 3D solid): A check for spatial conflicts or overlaps between the elements of the
3D piping model. Objects which may be considered in the analysis include:

- pipe

- piping components

- piping equipment

- access envelopes

- insulation envelopes

- other envel opes from another source (e.g., non-piping equipment, structural members, ship hull)
Required data:

- piping system network topol ogy

- piping part location and orientation
- pipe path and nominal pipe outside diameter
- piping component envelope

- piping equipment envelope

- piping support envelope

- installed access envelope

- pipe damping segment

- pipe run attributes, including:

- insulation thickness

- extent of insulation
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- piping system identifier

- pipeline identifier

- pipe run identifier

- piping part identifier

- piping support identifier

- pipe damping identifier

- piping joint identifier

- piping part stock number (i.e., commaodity code)
Where,

1) Piping system network topology is the data structure within a 3D model which defines how the elements
of the model are connected and positioned relative to one ancther.

2) Connectivity checks: A check on the validity of the piping system network. The following network
characteristics can be verified:

- positional consistency

- alignment checking

- end type compatibility
Where,

1) Positional consistency checks verify that there are no gaps or overlaps between the elements of the 3D
model which should be “ connected.”

2) Alignment checking ensures that elements of the model are oriented properly with respect to those to
which they are connected.

3) End type compatibility checking ensures that the attachments between connected elements of the model
are physically possible (e.g., flanges must be attached only to other flanges of the same nominal diameter
and having the same bolt hole pattern).

Required Data:

- piping system network topology

- piping part location and orientation

- pipe attributes, including:

- pipe path

- hominal pipe size

- schedule/wall thickness

- pressure rating

- piping port attributes, including:

- hominal pipe size

- end preparation type

- schedule/wall thickness

- pressure rating

- location and orientation

- piping system identifier

- pipeline identifier

- pipe run identifier

- piping part identifier

- piping support identifier

- pipe damping identifier

- piping joint identifier

- piping part stock number
Where,

1) Piping ports represent attachment points on pipe, piping components, and piping equipment.

2) Piping port location defines the position of an attachment point in space. The orientation defines the
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orientation of the flow centerline of the attachment point.
3) Basic partslists: Produce alisting of the elements comprising the 3D piping model.
Required data:

- piping part stock humber

- pipe run attributes, including:
- pipe specification

- pipe run identifier

- pipe path

- pipe attributes, including:

- nominal pipe size

- schedule/wall thickness

- pressure rating

- piping ports attributes, including:
- nominal pipe size

- end preparation type

- schedule/wall thickness

- pressure rating

- fastener quantity

- bolt attributes, including:

- bolt type, length, and diameter
- piping system identifier

- pipeline identifier

- piping assembly identifier

- piping part identifier

- piping support identifier

- pipe damping identifier

4) Graphic presentation: Produce shaded and wireframe images of the 3D piping model on adisplay screen
or hardcopy device using viewing and clipping information added on the receiving system. Although this
AP does not provide the capability to exchange drawings, the piping model provided through this AP
supports the development of drawings on the receiving system.

It should be noted that the specific parameters selected for graphic presentation must be provided by the user
on the receiving system, as the piping model transferred is designed to contain the information needed to
produce a drawing, but not the specific attributes a user may wish to assign to a given drawing.

Required data:

- piping part location and orientation

- pipe path and nominal pipe outside diameter
- piping component envelope

- piping equipment envelope

- piping support envelope

- installed access envelope

- pipe damping segment

- pipe run attributes, including:

- insulation thickness

- extent of insulation

5) Basic piping isometrics. Generation of isometric drawings from the 3D model.
Required data:
- piping system network topol ogy
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- piping part location and orientation
- pipe path

- pipe attributes, including:

- nominal pipe outside diameter
- pressure rating

- piping component envelope

- piping equipment envelope

- piping support envelope

- installed access envelope

- pipe damping segment

- pipe run part material name

- pipe run attributes, including:
- insulation thickness

- extent of insulation

- pipe run identifier

- piping port attributes, including:
- hominal pipe size

- end preparation type

- pressure rating

- location and orientation

- piping part stock number

- fastener quantity

- bolt attributes, including:

- bolt type, length, and diameter
- piping system identifier

- pipeline identifier

- piping assembly identifier

- piping part identifier

- piping support identifier

- pipe damping identifier

6) Generation of pipe bending instructions: Produce instructions for bending pipe on a pipe bending
machine using bending machine tables and bending rules on the receiving system.

Required data:

- pipe path (from which the pipe bend radii can be generated)
- hominal pipe size

- pipe wall thickness

- pipe material name

7) Limited piping redesign: Provide the following limited redesign capabilities:

(a) Madification of the space arrangement by

- rotation and/or trandlation of pipes, piping components, piping equipment, piping supports, and/or
pipe damping
- modification of the pipe path.

(b) Modification of the composition of piping assemblies.
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Required data:

- piping system network topol ogy

- piping part location and orientation
- pipe path and nominal pipe outside diameter
- piping component envelope

- piping equipment envelope

- piping support envelope

- installed access envelope

- pipe damping segment

- piping system identifier

- piping assembly identifier

- pipeline identifier

- pipe run identifier

- piping part identifier

- piping support identifier

- pipe damping identifier

- piping joint identifier

- piping part stock humber

8) Simple one dimensional flow network analysis: Produce boundary value problem for determining
network flow rates and pressure differentials.

Required data:

- boundary values

- transfer functions for pumps

- tank curves

- operating point

- piping system network topol ogy

- friction factors (for components and passive equipments)
Other applications could be supported by this AP with additional data requirements. The current proposed
extensions are listed below.

El. Piping Design: In addition to the functionality specified in “limited piping redesign” of the core AP,
piping design includes the following functionality:

- transfer and use of a piping specification

- transfer and use of a component reference catalog

- post-tranglation placements of transferred components
E2. Extended Piping Isometrics. In addition to the functionality specified in the “basic piping isometrics’ of
the core AP, extended piping isometrics includes the additional attributes necessary to support isometrics for
fabrication and construction. This includes data such as:

- clean/testing requirements

- construction status

- design & operating conditions (pressure and temperature)
- flow direction

- heat tracing media and temperature

- locations on the pipe line of field welds

- locations on the pipe line of isometric sheet breaks

- painting requirements

- project area

- shop/field material status (shop = fabricate in a shop, field = assembly at a site)
- spool numbers

29



2.2 3D PipingAP

- title block information

E3. Piping analysis. The extraction of geometry and attribute data for input to stress analysis.
E4. Weight Management: The extraction of weight and center of gravity data.

EDS. Bill of Material (BOM) Generation: The production of lists of itemsin the piping model, with sufficient
descriptive information to purchase each item. BOM data should include:

- The stock number, size, short description, and quantity of each item in apipe run or pipeline. The
short description should include schedule/wall thickness, pressure rating, materials of construction, and
references to details or standards as required to identify the items.

- Cut pipe summary, which accurately accounts for insertion depth at socket weld and threaded connec-
tions.

- Identification of items supplied by the shop, supplied by other sources, or provided in thefield.

E6. Drawing Creation: Drawings are derived from a 3D model by assembling or composing one or more
views of the model together with annotation, dimensioning, and graphics produced by hidden-line removal.
Drawings may contain “intelligence’ in the sense that if a change is made in the model, a corresponding
change occursin drawings that reference that affected volume of the model. Data structures that support the
“intelligence” feature include: associative coordinate labels, associative annotation (i.e., text), and
associative dimensioning.

E7. Manufacturing Applications: Additional attributes are provided to support manufacturing of piping
equipment and special piping components.

E8. Logistics Applications: Additional attributes are provided to support the Operations and Maintenance
portion of the life cycle. Thisincludes data such as:

- customer's item identifier (that ties to other databases)
- valve percent open

- last inspection date

- leakage rate

- last maintenance date
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2.3 Layered Electrical ProductsApplication Protocol

Thisapplication protocol (AP)[7] for layered electrical product (LEP) assemblies and partsto beincorporated
onto such assemblies specifiesthe structure of Initial Graphics Exchange Specification (IGES)[4] datafor the
representation of the product definition and for the exchange of these definitions from one LEP defining
application to another. Since the LEP application protocol makes use of a specific interpretation of entitiesin
the IGES file, both the sending and receiving processors must conform to this AP with regard to the
information they process. It will not sufficeto simply use IGES entitieslisted in asubset inthe AP or in IGES
or other documents. Proper packaging of connectivity information, for example, is crucial to success of some
subsequent operations.

The LEP is defined in this AP for a combination of documents (called presentation) and for the underlying
CAD/ECAD data (called representation). The CAD/ECAD data consists of the screen display data and the
CAD/ECAD product model itself. The drawing presentation/documentation of an LEP is found in the
Drafting AP. For example, the product may be defined through a drawing, such as a Specification Control
Drawing, produced manually or on a CAD system. CAD systems may be utilized in such a way as to
produce a“ paper document” intended primarily for human interpretation. Information such as the electrical
schematic and waveforms are frequently treated as human-readable drawing data. Some applicationsinclude
the CAD or ECAD display information such as the color with which a particular system-layer is displayed.
Some applications are developed such that lists may be extracted (e.g., net lists, test probe locations, and
drill lists) from the ECAD or CAE model of the product.

2.3.1 Background. The layered electrical product is a complex assembly made up of both graphic and
non-graphic information, interrelated through parent/child relations and associations.

LEPs are defined to be modules or subcircuits that are incorporated into larger electronic assemblies, in a
hierarchy of devices for use in operational systems. The LEP may be either a monolithic device, such as an
integrated circuit, or an assembly such as a hybrid microcircuit or printed circuit, or more than one assembly
connected by means of a cable. Typically, an LEP is connected to the larger assembly with external leads or
pins. An LEP assembly incorporates an insulating substrate onto which amix of integrated circuits and other
electronic components (such as thick- and thin-film devices) are interconnected.

A neutral data format serves several purposes: It permits the interchange of data between computer-aided
design (CAD) and computer-aided manufacturing (CAM) systems. It allows the archiving of the LEP design
in aformat that can be used in the future, even if the original CAD or CAM systems or their software are no
longer in use.

There are anumber of motivations for developing a specified representation for LEPs. The most compelling
motiveisto reduce the errors created by different interpretations of aformat as used for a particular product.
A specified representation for LEPs can also minimize cost and maximize efficiency in the design and
maintenance of trandators. These uniform applications can provide means for coping with the increasing
complexity of LEPs. In current practice, there is often the need for manual intervention—which sometimes
introduces errors—in order to transfer the data between the CAD workstations and to the CAM stations that
produce the LEP.

2.3.1.1 Electrical Assembly Complexity. Assemblies have become increasingly complex. One measure
of this increased complexity is the ratio of the area of active elements (usualy silicon chips) to the
unoccupied area of the substrate of a hybrid microcircuit (see[2]). In asingle-chip package of a monolithic
integrated circuit, the ratio is about 1:20; in today’s typical hybrid, the ratio is from 1:10 to 1:6. Present
engineering efforts have the goal of raising thisratio to 1:1, i.e., 50% of the substrate would be covered by
silicon chips. These high-density hybrids are often referred to as multichip modules, or MCMs. To cope with
this expanding complexity, hybrid manufacturing will increasingly depend on CAD and CAM techniques.
For practical implementation of combined CAD and CAM techniques, it is important to have a single
electronic representation of the CAD data available for interfacing with CAM environments. The
representations described in this AP apply to MCM and conventional hybrid technology plus integrated
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circuits and printed boards and related products. The technologies of integrated circuits, printed wiring
assemblies, flex cables and flex circuits have seen comparable density increases.

Many assembly manufacturers still use extensive paper documentation, such as prints and drawings, to
document their product during manufacturing. Often, these drawings are produced on CAD stations that
contain information that is not represented on the drawing and yet may be useful during the design process.
As automated manufacturing methods become more available, such “paper” documentation will impede
manufacturing. Further, as the complexity of electrical products increases, it will become much more
necessary to convey thisinformation to manufacturing machines in computer-comprehensible form.

2.3.1.2 Consistent Information for Concurrent Engineering. Another benefit from a unified
representation of the data describing a product is the ability to achieve concurrent engineering, which in the
case of an LEP permits various automated and human resources to be applied to the design simultaneously.
Since these resources share common data regarding the design, it is possible for various groups of engineers
to refine the mechanical, electrical, thermal, and testability characteristics of the LEP in a much shorter time
than would be required otherwise. In addition, concurrent engineering permits different application
specidlists to work in paralel with the designer. Thus, for example, those that are responsible for the
manufacturing, assembly, quality, and reliability of an LEP design are able to provide suggestions
concerning the design from its inception.

This method of businessis in sharp contrast to the traditional methods where each department contributed
sequentialy to the design process of an LEP. Concurrent engineering methods promote a combined effort
where all information builds on an existing model and changes can be easily accommodated through the
separate functional areas. Since changes in the design are incorporated early in the design cycle, the costs of
such changes is decreased. The result of effective concurrent engineering is a product at lower cost and with
a shorter design cycle than can be realized with traditional methods. Increased product quality results from
accurate data transfer, as opposed to manual regeneration of CAD data on succeeding systems.

There are severa existing neutral file specifications to describe electrical and electronic functions. These
include specifications developed by the Institute for Interconnecting and Packaging Electronic Circuits
(IPC), the Electronic Design Interchange Format (EDIF), the Initial Graphics Exchange Specification
(IGES), and the VHSIC Hardware Description Language (VHDL). These neutral file specifications may
support many of the data elements needed to represent an LEP design. Adding these formats is encouraged,
and may be accomplished by adding the appropriate models to Section 5 of this AP. During such additions,
the remaining sections should be refined by agreement between the organi zations that are responsible for the
formats. Conflicting information requirements (e.g., Sections 3 and 4 of this document) among different
formats are not considered appropriate to the goals of product data consistency.

2.3.2 Application Protocol Contents. Section 2.3.2.3 of the AP provides alist of documents which are
used in the construction of this protocol. Definitions of terms used in the AP are listed in alphabetical order
in Section 2.3.3.

2.3.2.1 Termsand Definitions. In addition to the definitions listed in Section 2.3.3, there are many
terms associated with electrical product technologies as discussed bel ow.

Products to which this AP apply are also distinguished by many “technology” terms. In particular, some of
the terms which are associated with integrated circuits include custom, application specific integrated circuit
(ASIC), gate array, digital, analog, mixed, and monolithic microwave integrated circuit (MMIC). Some of
the terms which are associated with hybrid microcircuits include multi-chip module (MCM), single-chip
module (SCM), microstrip assembly, thin film circuit, thick film circuit, green tape design, and surface
mount technology. Some of the terms which are associated with printed circuit assembly (PCA) include
printed circuit board (PCB), printed wiring board (PWB) or assembly (PWA), Flexible Circuits, Flexible
Cables, and microstrip board.

The characteristics which distinguish the above domain of product types are their physical product model
defined by features on one or more strata. Some features of various strata may be associated with asignal or
signal bundle and/or various electrical properties.
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The AP-applicable product types may aso include features common to mechanical product types. Such
features may include base plates, milled pockets, routed edges, threads or threaded inserts, mounting
brackets, and heat sinks.

The AP information is applicable to the various ways that parts and components are defined. One way is the
(external) package, usually as defined in Joint Electron Device Engineering Council (JEDEC) specifications,
or the “footprint” for such a package. Another way may be the depiction of wire bonds electrically
connecting a silicon chip to the leads of the package. Yet another way is the depiction of the part assembled
as a component on another LEP such asan MCM or a PCA.

2.3.2.2 Scope. Layered Electrical Products include Flexible (Flex) Cables, Flex Circuits, Printed Circuit
Assemblies, (includes Printed Wiring Boards), Hybrid Microcircuit Assemblies, Multi-Chip Modules, and
Integrated Circuit die. The unifying element common to al these LEP technologies is the series of
photomasks used in their manufacture. Practitioners® of each technol ogy use some jargon different from all
or most of the others, but the concepts are remarkably similar.

The scope of this Application Protocol includes:

« areduced set of two-dimensional geometry sufficient to describe physical features of Layered
Electrical Products, deposited components, and incorporated parts;

» connectivity of Traces, Conductive Areas, wirebonds, and Vias built into the L EP plus Pins, Pads, and
Sockets of components incorporated into the LEP;

« patterns of photoplots and masks used in fabricating the LEP substrate;

« dataplus context to support automated and semi-automated fabrication (such as numerically
controlled drilling, panel layout, and automatic part insertion), testing of some kinds (such as bare
board and in-circuit), technical illustrations (including process pictures and maintenance manuals),
and Engineering Drawings (including schematics, netlists, bills of material, assembly drawings and
layouts). Notice that thisAP is not sufficient for these activities (for instance, a drafting AP may be
needed to control dimensions and other annotation) but this AP controls the provision of much of
the technical information needed by the activities.

The scope of this Application Protocol does not include:

 circuit simulation;

e behavior analysis;

 finite element analysis;

 drafting of engineering drawings;

« production of full color illustrations;

« control of process operations,

» selection of component parts;

» control of automated testing;

« vendor qualification; nor

 dispensing of consumable properties.
The AP may cover some of the activities within its scope in less detail than users might like. If so, such users
are invited to send constructive suggestions to the editor of thisAP.

2.3.2.3 Application and Core Requirements. This AP applies to electrical designs which were
originated in a computer program (herein called “ECAD” system) designed to capture electrical-specific

4The Application Reference Model in Reference [2], aresource for this document, was devel oped
largely by people working in the domain of Hybrid Microcircuits. Some of the people involved had
worked on the Cal Poly model years earlier. That model was developed by ateam of people experi-
enced with Printed Boards and Integrated Circuits.
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information. (Technically, thisterm often refersto Electrical Computer Aided Engineering (CAE) systems as
well as to Electricall Computer Aided Design (CAD) systems.) Some electrical designs, drawings, or
descriptions may be originated on non-ECAD systems sometimes called MCAD systems, and resulting files
do not convey the electrical-specific attributes and properties. The following subsections provide guidelines
for determining the content of those applications which depend on the electrical data (most importantly
connectivity data) defined within ECAD systems.

ThisAP requires that non-ECAD systems either display the graphics associated with the Network Subfigure
Instances and Connect Point IGES entities, or convert them to their internal version of IGES Subfigure
Instance and Point entities. Non-ECAD systems are not required to write out IGES files with Network
Subfigure Instances and Connect Point entities

Application I nfor mation Requirements

The core requirements were determined by examining a portion of the product life cycle. These life cycle
tasks were:

» Physical Design Layout
» Manufacturing
* Visualization (for assembly, troubleshooting, etc.)
 Testing
* Logistic Support Documentation
A single LEP design file may be used as the source for several different kinds of processes.

Parts are often involved in a lead preparation step such as lead bending and tinning prior to their being
assembled on an LEP Transfer of part models which specify these intermediate life cycle steps are
considered within the domain of thisAP.

During these life cycle stages there are data added such as pin swapping and netlist back annotation. These
data are added within the CAD or CAE system; the IGES output file following such CAE operations is
differentiated by a different file name. Different fabrication facilities have different capabilities and different
pre-defined processes. Thus it may be premature for the IGES file to contain detailed information governing
the fabrication processes prior to the selection of afacility and receipt of a commitment at that facility. As
concurrent engineering becomes a reality, this will be less of a concern because the fabrication planner will
participate in the definition captured and then transferred using IGES.

This AP is not applicable to the electrical product life cycle phases preceding the capture of the structural
design by way of a schematic drawing or netlist representation unless the behavi